which it is assumed he respectively " caught " and could " transmit " the disease. The measure of clustering is taken as the number of patients who were in the "right" place at the " right " time to " catch " the disease from another patient. This test is applied to childhood acute lymphoblastic leukaemia (death before age 6) in Greater London in the period 1952-65. Cases are postulated to be " susceptible " at various times before clinical onset of leukaemia, including in utero, and "infective" at various times around onset. Their effective " contacts " at these times are defined as circles of radius up to 4 km around their places of residence at these times. Slight evidence of clustering was found associated with certain of the defined times and distances, but the degree of clustering was small and could reasonably be attributed to chance. It is suggested, however, that this method of analysis might usefully be applied to other sets of such data.
No evidence was found to add to our previously reported finding of space-time clustering of the dates and places of birth of children with leukaemia.
FOLLOWING the report by Knox (1964a) of " space-time " clustering of the places and times of onset of cases of leukaemia in children in Northumberland and Durham, many other workers have looked for similar clustering of leukaemia cases in other populations. Various statistical methods have been developed to detect such clustering (see Knox 1963 Knox , 1964b ; Ederer, Myers and Mantel, 1964; Barton, David and Merrington, 1965; Mantel, 1967) and numerous studies have now been conducted. None of these has produced very positive findings, contrasting with those investigations in which the same statistical methods have been applied to either known infectious diseases (Barton et al., 1965) or Burkitt's lymphoma (Pike, Williams and Wright, 1967) , and a reasonable interpretation of the present situation would be that the published studies have either produced negative findings or such weakly positive findings that they can possibly all be explained away as artefacts (Glass, Hill and Miller, 1968) . However, it must be emphasized that whereas clustering of cases in time and space may be suggestive of contagion, the absence of such clustering does not exclude the possibility of a transmitted agent, such as a virus, being involved in the disease aetiology. For example, if leukaemia develops as a rare response to an infection with a common virus then space-time clustering of cases might be expected only in exceptional circumstances, such as would occur if leukaemia patients were " super " infective.
Most studies have examined the time and place of clinical on8et of leukaemia and thus carry the implicit assumption that the latent period, that is the time between contraction of the disease and the onset of clinical symptoms, is short. This is unlikely to be so, particularly in view of the evidence suggesting an in utero inductioin of at least some cases of childhood leukaemia (Stewart and Barber, 1971) . Some workers, including ourselves (Till et al., 1967) , have looked for clustering of the dates and places of birth of children with leukaemia, on the assumption that the induction of leukaemia may take place in utero; cases would show such clustering if an inducing agent to which foetuses and neonates were perhaps particularly susceptible was either operating locally in different areas for limited periods of time or was being transmitted between the pregnant mothers. We found some evidence of clustering of the dates of birth and places of residence at birth of children dying of acute lymphoblastic leukaemia before their sixth birthday, although again the degree of such clustering was not impressive. This earlier report (Till et al., 1967) was based upon children dying of leukaemia in Greater London during the years 1952-61. We have since extended this series so that we might look for further evidence of the clustering and also so that a more general statistical test might be applied to the data. This new test is an extension of the method of Knox to allow for possibly long latent periods.
PATIENTS AND METHODS
Generalised Knox approach (a) General description.-The mathematical basis of this approach is described in Pike and Smith (1968) and we present here a simple description of the method.
Suppose there are n patients in the study. For each patient we postulate a period of " susceptibility ", during which it is assumed that he " caught " the disease, and a period of " infectivity ", during which it is assumed he could " transmit " the disease to others. We also postulate 2 areas of space representing the patients " effective " movements during his period of susceptibility and his period of infectivity.
If we consider each ofthe n(n-1)/2 possible pairs of patients, then evidence of the disease behaving in a contagious manner is given by a patient (A) being in the " right " place at the ' right " time to have caught the disease from another patient (B). That is, patient A's period of susceptibility must overlap with patient B's period of infectivity, and patient A's area of susceptibility must overlap patient B's area of infectivity. The number, X, of such pairs of patients provides a measure of clustering. The expectation and variance of X, on the assumption of no contagion, may be derived (Pike and Smith, 1968 ) and thus we may test the statistical significance of any observed clustering. (b) Illustrative example.-Let us postulate that the leukaemic child acquires the disease in utero (as a result of his mother being " infected " by another leukaemic child) and is infectious for a period from 6 months before clinical onset up to 3 months after onset. This is represented for 5 hypothetical cases in Fig. 1 . It may be seen that, if we consider time alone, patient E could have given the disease to patient C; similarly, E could have given it to A, C to B and B to D-that is, the periods of susceptibility and infectivity overlap for these patients. (Note that, in the period of study, D is susceptible only and E is infectious only.)
W;e now examine space: for each patient let us postulate his area of susceptibility as a circle of diameter 1 km around his parents' place of residence at the time of his birth and his area of infectivity as a circle of for the 2 pairs E-A and B-D was the second patient in the " right " place at the " right " time to have caught the disease from the first patient. Thus our measure of clustering, X, is 2.
To test the statistical significance of X we must determine what distribution of values it might take by chance, in the absence of any contagious effect; that is, in the absence of any true association between the times of susceptibility and infectivity and the places of susceptibility and infectivity. This distribution of values of X is generated by randomly assigning the times of susceptibility and infectivity to the places of susceptibility and infectivity respectively. For each such random assignment we obtain a " simulated " value of X and,!by generating a large number of such simulated values, we may examine their distribution and check if the actual value of X observed lies at the extreme of the distribution, suggesting that it is unlikely to have arisen by chance. In practice such simulation is expensive and rarely necessary, as we may determine mathematically the expected value and standard deviation of X and use these to derive an approximate test of statistical significance (Pike and Smith, 1968) . Patients The original data set included details on all children who were certified as dying of leukaemia under the age of 15 years in the 10 years 1952-61 and who were resident in Greater London at the time of their death. Cases were then exlcuded if (a) they were more than 10 years old when symptoms first occurred; (b) they were born and living outside Greater London at the time of onset of symptoms or (c) the diagnosis of leukaemia was not confirmed from hospital records (Till et at., 1967) . This series has been extended to include all similar deaths in the years 1962-65, the total number of cases is now 623. For each patient we have recorded the place of residence at birth and at onset of disease. The map references of all such addresses within Greater London have been found correct to within 10 m. The analyses presented in this paper have been restricted to those children dying of acute lymphoblastic leukaemia under the age of 6 years, as previous studies, particularly those of Knox (1964a) and Till et at. (1967) , have suggested that any contagious effect might be most marked in this group of patients.
We have restricted the analyses to examination of space-time clustering of the places and dates of birth of cases, and to those of the form discussed above under the generalized Knox approach.
Space-time clustering
In the analysis previously reported (Till et al., 1967) , some evidence was found of clustering of the dates of birth and the places of residence at birth of those children-dying of lymphoblastic leukaemia before their sixth birthday with clinical onset of their disease in the period 1952-60. At the time of this analysis the data on births in this period were incomplete as deaths were only recorded up to 1961 and many of the children dying, aged under 6 years, after 1961 will have been born in the period 1956-60. By extending the data to include deaths up to 1965 we can define a period, 1952-59, during which we know all births in London of children who subsequently die of leukaemia before the age of 6 years, with the exception of those leukaemic children born in London who moved out of the area before their death. The data relating to the 172 such births in the period 1952-59 were examined for evidence of clustering by the method of Knox (1964b) , applying the same 12 critical time periods (15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165 (Table I) , but the probability values shown take no account of the number of different combinations examined and, if this were to be done, then the significance would disappear.
For cases with onset in the period 1952-60 a number of significant results were found (Till et al., 1967) . Table II cases. However, the small differences between the observed number of pairs and those expected lend little support to the earlier findings. It should be noted that the survival of patients was increasing during the period 1961-64 as treatment became more effective and thus an increased proportion of patients, whose onset was before their sixth birthday, will have survived beyond the end of the study period or beyond the age of 6 years and thus be excluded from our analysis.
Generalized Knox mtethod
To look for evidence of contagioni we have examined 6 postulated " susceptible " periods: (1) from the estimated date of conception to the date of birth; (2) the first trimester; (3) the second trimester; (4) the third trimester; (5) the first year of life and (6) the period from 1 year to 6 months before clinical onset; and 4 postulated periods of infectivity: (i) onset ± I month; (ii) onset + 3 months; (iii) onset ± 1 year and (iv) onset to death. The study period has been defined in such a way that we can be reasonably certain of including most of the postulated infective and susceptible patients in that period. For example, the last day of the period of study has, in most cases, been taken as 31 December 1959, as a child dying at age 5 in 1965 could have been in utero and thus susceptible in 1959. However, we have no information on such children dying from 1966 onwards (these children would have been in utero from 1960 onwards) and thus the power of the test would be weakened by extending the study period beyond 1959. Table III shows the results of the analyses based upon the various combinations of susceptible and infective periods. For each different combination, 5 " critical" distances have been examined: 0-25, 05, 10, 2-0 and 40km; that is, areas of susceptibility and infectivity have been defined to be circles of these diameters around the places of residence at birth and onset respectively. The Table shows the number of " overlaps ", that is the number of pairs of cases in the "right " place at the " right " time for "transmission " to have occurred, and the expected numbers of such overlaps on the assumption of no clustering. We have not calculated standard deviations for this Table because of the large amount of computer time consumed in so doing and also because the observed values are very close to those expected, such that few of the differences even approach statistical significance. The assumption of a Poisson distribution will in general provide a rough test of significance. For illustrative purposes, standard deviations have been calculated for one set of data in which the number of overlaps exceeds the number expected for each of the 5 critical distances and these are shown in a footnote to the Table. The variances are approximately equal to the expectations suggesting that, in this case, the assumption of a Poisson distribution is not unreasonable. On this basis, only one of the differences between the observed and expected numbers of overlaps is statistically significant at the conventional 500 level (susceptible period from 1 year to 6 months before onset and infective period onset ± 1 month with critical distance 4 km) and 2 differences approach statistical significance (same time periods as above with critical distances 0 25 km and 0*5 km). However, such results may well have arisen by chance given the number of significance tests we have performed.
We have also postulated susceptibility in utero and infectivity from birth to onset of disease and the results of this analysis are shown in Table IV (Pike and Smith, 1974;  Smith and Pike, 1974 months before onset and the period of infectivity is defined to be a period of 2 months, centred on the date of onset, and when the period of susceptibility is the time spent in utero and the period of infectivity is from birth to onset. The excess in the number of "overlaps " occurs when pairs of cases living up to 4 km apart are considered. The differences are only just significant and are not apparent at critical distances of less than 4 km, and may thus merely represent a chance effect rather than a true excess. However, it might be useful to apply the method we have used to other sets of data as the Greater London area may have been an unsuitable choice of area for studies of contagion. The movement and contacts of people in big cities may not be very well defined by their places of residence (although this is perhaps more likely to be so for children) and studies in rural areas, which have not been subject to extensive population change, are likely to be more fruitful.
A Fortran IV computer programme, which computes the measure of clustering, its expectations and variance, is available from the authors. The programme may also be used to produce a simulation distribution of the measure of clustering; this may be useful when the assumption of a Normal or Poisson distribution seems unreasonable.
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